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Abstract
To study the mechanisms that control epithelial commitment and differentiation we have used undifferentiated HT-29
colon cancer cells and a subpopulation of mucus secreting cells obtained by selection of HT-29 cells in 1036 M methotrexate
(M6 cells) as experimental models. We isolated cDNAs encoding transcripts overexpressed in early confluent M6 cells
regarding steady-state levels in HT-29 cells by subtractive hybridisation. Fifty-one cDNA clones, corresponding to 34
independent transcripts, were isolated, partially sequenced by their 5P end, and classified into four groups according to their
identity: transcripts that included a repeated sequence of the Alu family (10 clones, among them those encoding
ribonucleoprotein RNP-L and E-cadherin), transcripts encoded by the mitochondrial genome (nine clones), transcripts
encoding components of the protein synthesis machinery (23 clones, including the human ribosomal protein L38 not
previously cloned in humans) and nine additional cDNAs that could not be classified in the previous groups. These last
included ferritin, cytokeratin 18, translationally controlled human tumour protein (TCHTP), mt-aldehyde dehydrogenase, as
well as unknown transcripts (three clones), and the human homologues of the molecular motor kinesin KIF3B and of the ser/
thr protein kinase EMK1. Spot dot and Northern blot analyses showed that ser/thr protein kinase EMK1 was differentially
expressed in M6 cells when compared with parental HT-29 cells. Steady-state levels of EMK1 were higher in proliferating,
preconfluent, M6 and HT-29 cells than in 2 days post confluence (dpc) and 8dpc M6 and HT-29 cells. Transcripts that
included an Alu repeat were also shown to be differentially expressed and accumulated in differentiating M6 cells when
analysed by Northern blot. The significance of the transcripts cloned is discussed in the context of the commitment and
differentiation of the M6 cells to the mucus secreting lineage of epithelial cells. ß 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction
The intestinal epithelium is morphologically struc-
tured in crypts and villi, a complex organisation
maintained by the controlled proliferation and di¡er-
entiation of a yet undetermined number of stem cells.
In the colonic epithelium, stem cells are located at
the bottom of the crypts and produce a progeny of
cells that restrict their di¡erentiation potential and
acquire a mature phenotype as they migrate along
the crypt [1].
The lack of reproducible methods for the culture
of normal intestinal epithelial cells has led to the
study of cancer cells able to display mature epithelial
phenotypes, and specially of the HT-29 and Caco-2
cell lines [2]. After reaching con£uence, HT-29 cul-
tures contain over 95% undi¡erentiated cells, while
HT-29 derived subpopulations isolated under selec-
tive pressure display di¡erentiated phenotypes: cul-
ture in the absence of glucose yields a population of
cells with enterocytic characteristics [3], and treat-
ment with 1036 M methotrexate produces a popula-
tion of cells (called M6 cells) committed to the mucin
secreting phenotype [4] that, after further selection
with 1033 M methotrexate, shifts to an absorptive
phenotype [5]. Finally, treatment of HT-29 cultures
with 5-£uorouracil selects a mixed population of mu-
cus secreting and absorptive cells [6].
Despite recent advances, little is known about the
molecular mechanisms inducing and regulating intes-
tinal growth and di¡erentiation. Ribosomal proteins
S3, P0, S13, S19, and u-S27a, among others [7^12],
translational elongation factors [13] and cytochrome
c oxidase [14] have been shown to be overexpressed
in colon cancer tissues. Nevertheless, the molecular
mechanisms underlying the co-ordinated activation
of these genes are currently unknown, mainly be-
cause colon cancer cells often represent a mixture
of cells with a variable di¡erentiation phenotype. In
this context, parental HT-29 cells and their M6 de-
rivatives, because of their more homogeneous pheno-
type, should be useful tools for the isolation of the
genes involved in epithelial commitment and di¡er-
entiation, or whose expression is regulated in the
course of neoplastic transformation.
Because the di¡erentiated phenotype of epithelial
cells in vitro is only achieved after cells reach con-
£uence and establish cell-to-cell contacts, we rea-
soned that the induction of the genetic mechanisms
allowing epithelial commitment should be an early
event, probably primed when cells stop their growth.
Taking advantage of the di¡erent phenotypes of HT-
29 and M6 cultures, we have used a subtractive hy-
bridisation approach to isolate a reduced set of ex-
pressed sequence tags (ESTs) speci¢cally expressed in
early postcon£uent M6 cells. This approach allows
the phenotypic characterisation of a cell type or tis-
sue and the determination of active regulatory events
from the identity of the clones [15]. The cDNA
clones isolated included ser/thr protein kinase
EMK1, the molecular motor kinesin KIF3B, compo-
nents of the protein synthesis machinery, mitochon-
drial transcripts and a striking number of Alu repeat
including transcripts (ARITs), putative RNA poly-
merase II transcripts that include an Alu repeat.
The implication of these genes in epithelial di¡eren-
tiation is discussed.
2. Materials and methods
2.1. Cell culture
HT-29 and M6 cells were obtained from Alain
Zweibaum, INSERM U178. Cells seeded at low den-
sity (2U104 cells/cm2) reached con£uence on days
7^8. Cells seeded at high density (2U105 cells/cm2)
reached con£uence on days 2^3 after being subcul-
tured three times at 2^3 day intervals and seeded
again at 2U105 cells/cm2. Normal human exocrine
pancreas cultures were established as described [16].
All cells were cultured in DMEM supplemented with
10% foetal bovine serum in a 5% CO2 atmosphere at
37‡C. Culture medium was changed daily.
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2.2. Immunocytochemistry
Cell rolls were prepared at the indicated time
points as described [4]. The following monoclonal
antibodies (mAb) were used to examine cell di¡er-
entiation: mAb S6, detecting DPP-IV (L.J. Old,
Ludwig Unit, New York Branch, NY, USA); mAb
BC-2, detecting MUC1, (I. McKenzie, Austin Re-
search Institute, Heidelberg, Australia); and mAb
19M1 detecting gastric mucins (J. Bara, INSERM
U55, Paris, France).
2.3. RNA isolation and puri¢cation, cDNA library
construction
Total RNAs were obtained as described by
Chomczynski and Sacchi [17]. The poly(A) RNA
fraction was puri¢ed using the polyATtract mRNA
Isolation System (Promega, Madison, WI, USA). A
M6 cDNA library was made in LambdaZAP II
(Stratagene Cloning Systems, La Jolla, CA, USA),
with poly(A) RNA from M6 cells 2 days post con-
£uence (M6/2dpc) seeded at high density. The pri-
mary library (s 106 independent clones) was ampli-
¢ed before use.
2.4. Subtractive hybridisation cloning
The subtractive hybridisation technique described
by Rodriguez and Chadler [18] was used. Brie£y,
poly(A) RNA isolated from HT-29/2dpc and M6/
2dpc cells was immobilised on oligo dT-Dynabeads
(Dynal, Oslo, Norway), and used as a template for
cDNA synthesis. Following degradation of the RNA
with RNase H, immobilised cDNA from M6 cells
(target) was labelled by standard random priming,
and the labelled fragments were recovered and hybri-
dised twice against an excess of HT-29/2dpc-cDNA
bound to Dynabeads (driver). Non-hybridising ma-
terial was used to screen the M6/2dpc cDNA library
in 23U23 cm culture plates. Positive plaques were
puri¢ed as described [19], and isolated as pBluescript
by in vivo excision.
2.5. Spot dot and Northern blot analysis. Northern
blot normalisation
Spot dot and Northern hybridisations were made
following standard methods [20]. For the spot dot
procedure we seeded in nitrocellulose ¢lters 1 Wg of
the plasmid obtained after in vivo excision of the
positive clones. Filters were hybridised with 1U107
cpm of random primed, 32P-labelled, cDNA synthes-
ised from 1 Wg of total poly(A) RNA puri¢ed from
HT-29, M6 and cultured human pancreas cells.
Clones including an Alu repeat were directly ana-
lysed by Northern blot. 15 Wg of total RNA from
HT-29 or M6 cells at di¡erent conditions of culture
were loaded in each lane. RNA loading was normal-
ised by GAPDH hybridisation or methylene blue
staining of the ¢lters as described [20].
2.6. DNA sequencing and sequence analysis
The dideoxynucleotide chain termination method
was used [21]. Homology searches were made using
the BLAST [22] program at the NCBI WWW server
(http://WWW.ncbi.nlm.nih.gov).
3. Results
3.1. High density cultures of M6 cells overcome
phenotypic heterogeneity of standard cultures
We are interested in the detection and character-
isation of gene activities involved in the processes of
commitment and di¡erentiation of M6 colon cancer
cells to mucus secreting cells. In this work we present
the generation of a group of ESTs speci¢c for M6/
2dpc cells, i.e. when the mechanisms that commit M6
to the mucus secreting lineage are thought to be in-
duced. Our aim is to use these ESTs as probes for the
study of the molecular mechanisms that induce,
maintain and control the states of commitment and
di¡erentiation in epithelial cells.
Before proceeding to the EST cloning, we ¢rst ad-
dressed the problem of the heterogeneous expression
of di¡erentiation markers in cultures of M6 cells due
to early local con£uence of cells. It is known that
under standard culture conditions (seeding at
2U104 cells/cm2), M6 cells grow as small, size-heter-
ogeneous colonies that start reaching con£uence 7^8
days after seeding, and display a fully di¡erentiated
goblet cell phenotype at day 21 of culture [4,23].
Between days 8 and 21, mucins (a hallmark of di¡er-
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Table 1
Clones isolated in the subtractive hybridisation between M6/2dpc and HT-29/2dpc cell lines
Clone Identity GenBank accession Redundancy (number of clones)
Transcripts encoded by the mitochondrial genome
HCoE9 mt-CYTOX CII T75016 3
HCoE18 mt-rRNA 16S T75018 1
HCoE57 mt-rRNA 12S T75030 1
ARITs
HCoE20 ARIT T27227 1
HCoE46 ARIT T27232 1
HcoE48 ARIT-RNP-L T27233 1
HCoE49 ARIT T27234 1
HCoE52 ARIT T27236 1
HCoE53 ARIT-(E-cadherin) T75027 1
HCoE54 ARIT T27237 1
HCoE56 ARIT T27229 1
HCoE58 ARIT T27238 1
HCoE59 ARIT T27239 1
Transcripts encoding components of the protein synthesis machinery
HCoE1 RPL3 T75031 2
HCoE3 RPLLRep3 T75015 2
HCoE10 RPS4X isoforma T27225 1
HCoE12 RPS4X T75017 6
HCoE26 RP23A T75019 1
HCoE30 RPL38 Z26876 1
HCoE32 RPL17 T27229 4
HCo34 EF-1K T75021 3
HCoE36 RPL26 T75023 1
HCoE38 RPL1A T75024 1
HCoE51 RPL11 T27235 1
Miscellaneous transcripts
HCoE15 Unknownb T27226 1
HCoE28 HSEMK T75020 1
HCoE35 Cytokeratin 18 T75022 1
HCoE39 Aldehyde dehydrogenasec T75025 1
HCoE42 Ferritin T75026 1
HC0E43 Unknown T27230 1
HCo55 TCTHP T75028 1
HCoE60 KIF3B T27240 1
HcoE61 Unknown T27241 1
‘Clone’ identi¢es each clone by our code (HCoE = human colonic epithelium). ‘Identity’ refers to their identity by BLAST search.
‘GenBank accession’ shows the accession numbers granted by the EST division of the GenBank. ‘Redundancy’ states the number of
clones isolated for each identity.
aIsoform of the RPS4X.
bClone shown by Northern blot to include an Alu repeat.
cmt-Aldehyde dehydrogenase is not included in the group of mitochondrial transcripts because it is encoded by a nuclear gene.
Fig. 1. High density seeding yields a more homogeneous, less di¡erentiated, cell population at the time of con£uence. M6 cells subcul-
tured three times at 3 day intervals were seeded at low density (2U104 cells/cm2, A^D), or at high density (2U105 cells/cm2, E^H).
Cell rolls prepared 1 day after con£uence was reached (day 8 for low density seeds and day 3 for high density seeds) were used for in-
direct immuno£uorescence assays. Results shown are representative of three independent experiments. To facilitate the assessment of
the proportion of cells expressing di¡erentiation markers, ethidium bromide nuclear counterstaining was used in some assays
(B,C,F,G). Cytokeratin 18 (A,E); DPP-IV (B,F); MUC1 (C,G); gastric mucin (D,H). Magni¢cation U150.
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entiation) are progressively synthesised and accumu-
lated in mucus droplets, resulting in highly heteroge-
neous cultures. To reduce the heterogeneity associ-
ated to these culture conditions we increased 10-fold
(to 2U105 cells/cm2) the number of cells seeded, and
subjected them to three rounds of trypsinisation and
subculturing at 2^3 day intervals. In these cultures,
all cells achieved con£uence simultaneously 3 days
after seeding. We determined the e¡ect of the new
culture conditions on the di¡erentiation pattern of
M6 cells and compared it to that of the standard
cultures. Fig. 1 shows the reactivity of antibodies
detecting epithelial di¡erentiation markers (gastric
mucins, MUC1 apomucin, CEA, and DPP-IV) in
both types of cultures the day after con£uence was
reached (days 3 and 8 for high and low density cul-
tures, respectively). As shown, phenotypic heteroge-
neity and expression of di¡erentiation markers were
lower in high density cultures (Fig. 1E^H) than in
low density cultures (Fig. 1A^D). At this time point,
less than 5% of cells in the cultures contained mucus,
as demonstrated with speci¢c antibodies (Fig. 1H).
At 21 days of culture, cells seeded at high density
achieved a goblet cell phenotype similar to that
of the low density seedings, with expression of spe-
ci¢c markers of polarised goblet cells (data not
shown).
3.2. Generation of ESTs for M6/2dpc cells by
subtractive hybridisation: detection of ser/thr
protein kinase EMK1, kinesin KIF3B, ribosomal
protein L38 and of ARITs
We used subtractive hybridisation to isolate 51
cDNA clones (34 independent) that encoded tran-
scripts speci¢cally expressed or overexpressed in
M6 cells regarding HT-29 cells. These clones were
partially sequenced to generate 5P single pass ESTs,
and according to their identity (see Table 1) were
classi¢ed into the following four groups:
(A) ARITs (n = 10): clones that included an Alu
repeat, entire or partial ;
(B) mitochondrial transcripts (n = 9): 16S mt-
rRNA, cytochrome c oxidase subunit II (COII),
and 12S mt-rRNA;
(C) components of the protein synthesis machi-
nery (n = 23): ribosomal proteins S4X, L17, L3,
LLRep3, L38 (not previously cloned in humans
[24]), L23A, L26, L1A, L11, a S4X isoform, and
elongation factor 1K (EF1K) ;
(D) miscellaneous (n = 9): including cytokeratin
18, TCHTP [25], aldehyde dehydrogenase, ferri-
tin, ser/thr protein kinase EMK1 [26], and kinesin
KIF3B [27]. Three other clones were stated as
‘unknown’ (see Table 1).
Fig. 2. Spot dot expression of the M6 derived clones. pBlue-
script cDNA clones were spotted on replica ¢lters and hybri-
dised to 32P-labelled cDNAs from M6 (A), HT-29 (B) and cul-
tured human pancreas cells (C). Arrowheads show those clones
clearly overexpressed in M6 cells regarding steady-state levels in
HT-29 cells. The position of each clone is indicated in the lower
panel (D), where numbers refer to the clone identi¢cation by
our HCoE code according to the following equivalence (n.s. :
no sequence available): (1) HCoE1:RPL3; (2) 16S mt-rRNA;
(3) RPLLRep3; (4) n.s. ; (5) EF1K ; (6) RPS4X; (7) RPL23A;
(8) RPS4X; (9) COII; (10) RPS4X isoform; (11) EF1K ; (12)
RPS4X; (13) RPL3; (14) 16S mt-rRNA; (15) unknown; (16)
RPS4X; (17) COII; (19) ARIT; (20) ARIT; (22) n.s. ; (23)
RPL17; (24) 16S mt-rRNA; (25) RPL17; (26) RPL23a; (27)
RPL17; (28) EMK1; (29) RPS24; (30) RPL38; (31) n.s. ; (32)
RPL17; (33) RPL17; (34) EF1K ; (35) cytokeratin 18; (36)
RPL26; (37) COII; (38) RP1a; (39) aldehyde dehydrogenase.
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3.3. Spot dot expression analysis of the isolated clones
The expression patterns of the transcripts cloned
were analysed by the spot dot procedure and, in
some cases, by Northern blot. Fig. 2 shows the re-
sults obtained after spotting equal amounts of plas-
mid DNA of the ¢rst 39 clones isolated (all of them
except those including Alu elements) and of two sam-
ples of control L-actin. The ¢lters were hybridised
with 32P-labelled cDNAs from M6 cells (A), HT-29
cells (B), and cultured normal human pancreas cells
(C). Only a few of the isolated clones were found to
be di¡erentially expressed in M6 cells (arrowheads),
regarding their steady-state levels in the parental HT-
29 cells (see Section 4). These clones included those
encoding ribosomal protein S4X (three clones) cyto-
keratin 18, and ser/thr protein kinase EMK1 (Fig.
2A,B). Variations in the strength of the signals
among equivalent clones were likely due to the di¡er-
ent lengths of the cDNA clones spotted in the ¢lter.
When a labelled human pancreas cDNA was used as
hybridisation probe a very di¡erent pattern was ob-
tained. Only the reference L-actin and the ser/thr
EMK1 were expressed at equivalent levels in the
three tissues, while the rest of clones showed lower
levels of expression after hybridisation with the pan-
creas probe (Fig. 2C).
3.4. Northern blot expression analysis of ARITs and
ser/thr protein kinase EMK1 during the
di¡erentiation of M6 cells
The spot dot analysis of the ¢rst Alu-contain-
ing clones analysed gave an undetectable signal
(HCoE19 and HCoE20, see Fig. 2A,B), so expression
of the rest of the Alu clones were studied by North-
ern blot. We used total RNA obtained from HT-29
and M6 cells at di¡erent stages of growth and di¡er-
Fig. 3. EMK1 kinase and ARITs are overexpressed in M6 cells regarding steady-state levels in HT-29 cells. (A) Northern blot analysis
of ser/thr protein kinase EMK1. On the top of the lanes are stated the RNA samples loaded. EMK1 shows the hybridisation per-
formed with an EMK1 probe (clone HCoE28). LC shows the load control performed by staining the hybridised ¢lter with methylene
blue as described [20]. (B) Northern blot analysis of a representative ARIT cDNA clone (HCoE58). On the top of the lanes are stated
the RNA samples loaded. The arrowhead shows the mobility of the sc-Alu. The vertical line shows the hybridisation with the hetero-
disperse transcripts containing Alu repeats (ARITs). LC shows the load control performed by GAPDH hybridisation.
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entiation: log-growth phase (precon£uence), 2dpc
(early di¡erentiating cells) and 8dpc (more mature
cells). RNA loading was normalised by hybridisation
with a GAPDH probe. Fig. 3 shows the hybridisa-
tion pattern of a representative Alu clone (HCoE58),
a 600 bp cDNA composed by two complete Alu
repeats linked head to tail. Two di¡erent signals
could be identi¢ed: scAlu-RNAs and 7S RNA (ar-
rowhead), and a highly heterogeneous group of tran-
scripts ranging from 1 to s 5 kb in size whose ex-
pression was higher in M6 than in HT-29 cells.
Expression of these two types of products did not
seem to be co-ordinated, since levels of the short
transcripts were similar at all stages of maturation
of HT-29 and M6 cells analysed, regardless of the
steady-state levels of the long transcripts. The inter-
rupted form of the smears in Fig. 3 was due to the
high RNA loading of the lanes (approximately 15 Wg
of RNA). Non-Alu regions of these clones were not
analysed by Northern blot because they were too
short.
Two clones, HCoE48 and HCoE53, encoded ribo-
nucleoprotein L (RNP-L) and E-cadherin, two tran-
scripts known to include Alu elements. We classi¢ed
the Alu elements into subfamilies [28] (Table 2). The
HCoE53 and HCoE58 clones included two Alu ele-
ments in tandem that were separately analysed
(HCoE53a, HCoE53b, HCoE58a, HCoE58b). Three
of the Alu elements (HCoE53a, HCoE54 and
HCoE58a) belonged to the very old J family, three
(HCoE20, HCoE56, HCoE58b) to the old Sx family,
and four to the new Sp (HCoE46, HCoE49) or Sq
(HCoE52, HCoE59) families. None of the Alu ele-
ments cloned belonged to the newest Sb or Sc sub-
families, an underrepresentation likely to be due to
their reduced presence in the human genome because
of their more recent retroinsertion. The Alu elements
were found in any of the two possible orientations
(direct or inverse) and no correlation was evident
among the orientation in which the Alus were in-
serted and the families to which they belonged. All
but one of the Alu clones (HCoE58) included non-
Alu sequences, suggesting that they were part of lon-
ger transcriptional units. In addition to the RNP-L
and E-cadherin mature mRNAs, the sequence gener-
ated for other two Alu clones (HCoE20 and
HCoE49) reached as far as a polyadenylation signal
and a poly(A) tail (data not shown), speci¢c features
of RNA polymerase II transcripts. We looked for
length polymorphisms in the linker sequence of the
Alu elements (GAA expansions) as those described
in the gene responsible for Friedreich’s ataxia [29],
but this region was found to be highly conserved
(Table 2). Deletion mutations of the terminal Alu
3P oligo(A) tail [30,31] could not be analysed because
Alu poly(A) tails were truncated by the false priming
of the oligo-dT used in the ¢rst strand cDNA syn-
thesis (data not shown).
We also performed a Northern blot analysis of the
expression of ser/thr protein kinase EMK1 in HT-29
and M6 cells at precon£uence, 2dpc and 8dpc. As
can be seen in Fig. 3A, steady-state levels of human
EMK1 were high in proliferating, precon£uent, HT-
29 and M6 cells, but gradually decreased in 2dpc and
8dpc. Northern blot results matched spot dot data in
that EMK1 levels were higher in M6/2dpc than in
parental HT-29/2dpc.
4. Discussion
One of the drawbacks of the use of cultured cells
in studies of epithelial di¡erentiation is that their
Table 2
Sequence features of the Alu elements present in the ARIT
clones isolated
Clone Classi¢cation Orientation Linker sequence
HCo19 Sp D Truncated
HCoE20 Sx I A5TACA6
HCoE46 Sp I Truncated
HCoE48 n.d. D A3CATA7
HCoE49 Sp I A8TACA9
HCoE52 Sq D A5TACA5
HCoE53a J I A3TAT3A6
HCoE53b n.d. I A7TA5
HCoE54 J I A5T3A6
HCoE56 Sx I A5TACA6
HCoE58a J D A5TTA6
HCoE58b Sx D A5TACA3TA
HCoE59 Sq D A4TACA4
‘Clone’ identi¢es each clone by our code (HCoE = human co-
lonic epithelium). ‘Classi¢cation’ states the family to which the
di¡erent Alu elements were shown to belong. ‘Orientation’ re-
fers to the orientation of the Alu elements relative to the orien-
tation of the transcript that harbours them (D: direct, I : in-
verse). ‘Linker sequence’ shows the sequence of the linker
sequence (A5TACA5) of the Alu elements.
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dependence on the establishment of cell-cell contacts
leads to an asynchronous acquisition of a mature
phenotype: cells in the centre of growing colonies
establish junctions much earlier than the cells in the
periphery. We addressed this problem by seeding
cells at a higher density (2U105 cells/cm2), so that
all cells in the culture dish achieved con£uence ap-
proximately at the same time (2^3 days after seed-
ing). By analysing the expression of a number of
markers (gastric mucins, MUC1 apomucin, CEA,
and DPP-IV, Fig. 1), we established that con£uent
cultures of M6 high density seeds represented a more
homogeneous population of undi¡erentiated cells
which were committed to become goblet cells.
We undertook to identify cDNAs involved in the
commitment and di¡erentiation of M6 cells. Since
the M6 cell line is a HT-29 subpopulation isolated
under selective pressure in 1036 M methotrexate, it is
likely that both cell lines will share most of their
genetic background, especially at the early con£uence
when maturation markers have not yet been ex-
pressed. Consequently, steady-state levels of many
transcripts should be similar in both cell types, hin-
dering detection of early con£uent M6-speci¢c tran-
scripts. In this context, we devised a cloning strategy
aimed to generate epithelial ESTs [32^37] by subtrac-
tive hybridisation, with the objective of detecting and
isolating transcripts related to the process of M6 dif-
ferentiation. After the cloning procedure, we ana-
lysed the expression pattern of the isolated clones
by an spot dot technique and by Northern blot. Re-
sults obtained con¢rmed our early predictions, and
only a few of the isolated clones were shown to be
overexpressed in M6 cells, the most signi¢cant ones
being those encoding ser/thr protein kinase EMK1
(Fig. 3A) and those that included Alu repeats
(ARITs, see Tables 1 and 2 and Fig. 3B).
Human EMK1 belongs to the family formed by
human P78, Par-1 from Caenorhabditis elegans, rat
MARK2, and murine EMK1. P78 was characterised
as a marker lost in pancreas carcinomas [38], Par-1,
is a gene that controls cell polarity in the C. elegans
embryo through its interaction with a type II non-
muscle myosin [39,40], and rat MARK2 was shown
to control microtubule stability through phosphory-
lation of MAP-tau (microtubule-associated proteins)
[41]. Human EMK1 was mapped to chromosome
11q12^q13 [42], a region known to harbour various
genes involved in human cancer [43], although no
oncogenic alterations have been yet described regard-
ing this gene. When analysed by Northern blot (Fig.
3A), steady-state levels of the human EMK1 were
shown to be higher in M6/2dpc cells than in HT-
29/2dpc cells, although in both cell types EMK1 lev-
els were clearly higher in precon£uent cells than in
postcon£uent cultures, suggesting a possible implica-
tion of the EMK1 in epithelial cell proliferation.
Strikingly, EMK1 kinase was shown to be expressed
at very high levels in human pancreas cultures when
compared with the expression levels of all the other
clones isolated (compare Fig. 2A^C). In this regard,
we have seen that the levels of EMK1 mRNA were
gradually and highly increased in long-term pancreas
cultures (L. Espinosa and E. Navarro, unpublished
observations).
Ten other of the EST clones isolated (20%) en-
coded transcripts which included a repetitive se-
quence of the Alu family. The presence of Alu ele-
ments in mature mRNAs has been well documented,
even in the mRNA coding regions [44^46]. Almost
all the Alu clones we isolated included stretches of
non-Alu sequence, a likely demonstration that these
transcripts were true RNA polymerase II products
and not cloning artefacts or Pol III transcripts. Alu
repeated sequences were expressed at higher levels in
M6 cells, especially in 8dpc cultures, than in HT-29
cells (Fig. 3B), indicating the existence of mecha-
nisms regulating their synthesis and/or accumulation.
Similar co-ordinated induction of ARITs have been
detected during the formation of L6 myotubes in
culture [47], in the growth factor-stimulated prolifer-
ation of FR3T3 ¢broblasts [48], and in HIV-infected
T cells and normal thymocytes [49]. Although many
mechanisms have been proposed for the accumula-
tion of Alu transcripts during cell growth and di¡er-
entiation, the role, if any, of the repeated sequence is
still unclear [50,51]. Preliminary results from our lab-
oratory indicate that the rate of synthesis of Alu
sequences is higher in M6 cells than in HT-29
(O.C. and E. Navarro, unpublished results), suggest-
ing an involvement of Alu repeats in transcriptional
control, in line with their known ability to participate
in cis-acting regions [52^56]. It is, therefore, tempting
to speculate that Alu elements could modulate ex-
pression of the genes harbouring them. Finally, and
regarding other transcripts isolated, overexpression
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of di¡erent ribosomal proteins and alterations in the
levels of mitochondrial RNAs (including mt-rRNAs
and cytochrome c oxidase, COII) have already been
documented in colonic di¡erentiation and tumori-
genesis [7^12,14,57,58].
Among the clones not di¡erentially expressed in
M6 cells but worth studying we found one that en-
coded the entire ORF for the ribosomal protein
RPL38 [24], and a partial ORF of the molecular
motor kinesin KIF3B, both not previously cloned
in humans. KIF3B is particularly interesting because
it has been characterised as a key component of the
mechanisms of anterograde transport of membra-
nous secretory organelles in axons [27], suggesting
that it could be also involved in the development
of the transporting mechanisms typical of the polar-
ised phenotype of epithelial cells. When analysed by
Northern blot, KIF3B was shown to be expressed at
similar levels in M6 and HT-29 cells, indicating that
some of the mechanisms controlling mucus secreting
di¡erentiation of M6 cells could be already primed in
HT-29 cells (L. Espinosa and E. Navarro, manu-
script in preparation).
To date, the mechanisms responsible for epithelial
commitment and di¡erentiation are largely un-
known. In the collection of cDNA clones here de-
scribed, those related to translation, i.e. ribosomal
proteins, elongation factors and TCHTP, account
for almost 50% of the total of the clones isolated.
This is highly suggestive of the importance of the
protein synthesis machinery for the M6/HT-29 sys-
tem. This fact is even more dramatic when we com-
pare the levels of expression of these clones, normal-
ised with the control L-actin, among HT-29, M6 and
pancreas cells, a fact that indicates that the high
levels of expression of translation-related transcripts
could be a hallmark of the M6/HT-29 system. In this
sense, much work remains to be done to elucidate the
mechanisms committing epithelial cells to the mucus-
secreting lineage, and this collection of clones should
be of help for the understanding of the molecular
basis of lineage restriction and cell di¡erentiation in
intestinal epithelial cells.
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